In this article, palladium nanoparticles (PdNPs) and 1, 5-diaminonaphthalene (1, 5-DAN) were electrochemically co-deposited onto multiwalled carbon nanotubes (MWCNTs) modified glassy carbon electrode (PdNPs-poly(1, 5-DAN)/MWCNTs/GCE). The morphology and properties of PdNPs-poly(1, 5-DAN)/MWCNTs/GCE were characterized by scan electron microscope (SEM), energy dispersive Xray spectrum (EDX) and electrochemical techniques. The proposed sensor exhibited an excellent electrocatalytic performance for nitrite detection. The oxidation potential for nitrite detection at the fabricated sensors was decreased (0.792 V) and peak current was evidently improved, mainly due to the high synergistically catalytical effect of Pd nanostructures, poly(1, 5-DAN) and MWCNTs. The results revealed that the electrooxidation mechanism of nitrite was involved two electrons transfer in the irreversible reaction at the PdNPs-poly(1, 5-DAN)/MWCNTs/GCE. The oxidation peak current of nitrite was proportional to its concentration with the linear range of 0.25 µM ~ 0.1 mM by amperometry, and the limit of detection (LOD) was as low as 0.08 µM (S/N = 3). Furthermore, as-prepared sensors had good anti-fouling property, long-term stability and excellent practical ability, which was successfully applied to detect nitrite in real water samples and gained satisfactory recoveries of 97% ~ 105%.
INTRODUCTION
Nitrite ion (NO2 -environmental-friendly property [24] . To the best of our knowledge, there are no reports on the Pd nanopartilce and poly(1, 5-DAN) modified MWCNTs matrix for electrochemical sensing of nitrite.
In this present work, we report that amperometric determination of nitrite was carried out by PdNPs and poly(1, 5-DAN) co-decorated onto MWCNTs modified glassy carbon electrode. The PdNPspoly(1, 5-DAN)/MWCNTs electrode exhibits excellent electrocatalytic activity for nitrite detection, and the wide linear range of 0.25 µM ~ 0.1 mM and low detection limit (LOD) of 0.08 µM were achieved. The practical ability, anti-interferences, stability and reproducibility were also evaluated. The experimental results demonstrated the excellent performance of PdNPs-poly(1, 5-DAN)/MWCNTs modified electrode for the detection of nitrite.
EXPERIMENTAL

Regents and materials
Palladium chloride, 1, 5-DAN were bought from Sigma-Adlrich (Sigma-Adlrich, USA). NaNO2, K4[Fe(CN)6], K3[Fe(CN)6], KCl, N, N-dimethyl formamide (DMF) were purchased from Sinopharm Chemical Reagent Co. (Shanghai, China). MWCNTs were obtained from Pioneer Nanotechnology Co. (Nanjing, China), and were functionally carboxyl-pretreated before use [22] . The supporting electrolyte was used for phosphate buffer solution (PBS) prepared by 0.1 M KH2PO4 and 0.1 M K2HPO4 with different pH. All the chemicals were of analytical reagent grade and used without further purification. Electrochemical experiments were performed in N2 atmosphere at room temperature.
Apparatus
All the electrochemical experiments were carried out using CHI760 E electrochemical workstation (Shanghai Chenhua Co., China) with a conventional three-electrode cell. A modified glassy carbon electrode (GCE) of 3 mm diameter was used as working electrode. A saturated calomel electrode (SCE) and a platinum wire were used as reference electrode and counter electrode, respectively. The morphological characterization and composition of the composite materials were examined using a field emission scanning electron microscope with an energy dispersive X-ray spectrum (S-4800, Japan).
Preparation of PdNPs-poly(1, 5-DAN)/MWCNTs modified GCE
A bare glassy carbon electrode was polished carefully to a mirror-like surface with 0.05 μM alumina aqueous slurry, then successively washed in an ultrasonic cleaner with nitric acid (1:1), anhydrous ethanol and distilled water, respectively. The GCE was dried out for use. Next, 2.0 mg MWCNTs were dispersed in 1 mL DMF with the aid of ultrasonic agitation to give 2.0 mg/mL black suspension. 5 µL of MWCNTs solution was cast on the surface of fresh GCE and then the solvent DMF was evaporated to form a MWCNTs-modified GCE (MWCNTs/GCE).
Pd nanoparticles and poly(1, 5-DAN) were electrochemically co-deposited at the MWCNTs/GCE. Briefly, the resulting MWCNTs/GCE was immersed in the electrochemical cell containing 0.25 mM 1, 5-DAN and 0.05 mM PdCl2 in the 0.1 M HNO3 solution. The coelectrodeposition of Pd nanoparticles and poly(1,5-DAN) was done by 20 successive cyclic voltammetry in the potential range of -0.2 to 1.2 V at a scan rate of 50 mV/s. The resulting electrode was gently rinsed with water and dried at room temperature. For comparison, the poly (1, 5-DAN)/MWCNTs/GCE or PdNPs/MWCNTs/GCE were electropolymerized independently by the same procedure without Pd or 1.5-DAN solution.
Electrochemical measurement
Cyclic voltammetry was carried out for nitrite detection in the potential of -0.2 V ~ 1.2 V at a scan rate of 50 mV/s. Low concentration of nitrite was detected by amperometry, which was performed at an applied potential of 0.80 V in 0.1 M PBS (pH 4.5) solution under stirring conditions. Pd nanoparticles were incorporated into the poly(1, 5-DAN) film, and both of them were decorated on the tubular networks of MWCNTs ( Figure 1B) . The presence of PdNPs was further confirmed by EDX analysis and the result was shown in Figure 1C . According to Randles-Sevcik equation [25] :
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where n is the number of electrons participating in the redox reaction, A is the area of the electroactive area (cm 2 ), D is diffusion coefficient of the molecule in solution (cm 2 /s), and γ is the scan rate of the potential perturbation (V/s). 2 , respectively. It confirmed that the asprepared electrode had the highest electroactive area, which was beneficial for their electrochemical performance. MWCNTs, as a good substrate and platform, provided higher specific surface area for the co-electrodeposition of PdNPs and poly(1, 5-DAN), and enabled much electron conducting pathway through MWCNTs tube-like networks for the enhancement in electron transfer process. In addition, PdNPs were incorporated into the matrix of poly(1, 5-DAN), which resulted in enhancing conductivity at the composites modified electrode. Therefore, the electrocatalytic performance of the proposed method was remarkably enhanced due to the synergistically catalytical effect of Pd nanostructures, poly(1, 5-DAN) and MWCNTs. Figure 3 compares the CV curves of (a, e) PdNPs-poly(1, 5-DNA)/MWCNTs/GCE, (b) bare GCE, (c) MWCNTs/GCE and (d) poly(1, 5-DAN)/MWCNTs/GCE in the absence (a) and (b → e) presence of 3 mM NaNO2 in 0.1 M PBS (pH 4.5) solution at a scan rate of 50 mV/s. As can be seen in Figure 3 , no electrochemical redox reaction was occurred at the PdNPs-poly(1, 5-DAN)/MWCNTs/GCE in the absence of nitrite (blank solution (a)). The oxidation of nitrite occurred at the bare GCE (b) with a wide peak and the peak potential was Epa = 0.90 V. In comparison with bare GCE, both of MWCNTs/GCE (c) and poly(1, 5-DAN)/MWCNTs/GCE (d) exhibited increased oxidation peak currents of nitrite, and the oxidation peak potentials negatively shifted to 0.81 V and 0.796 V, respectively. In order to investigate the reaction kinetics, the effects of scan rate on the oxidation of peak potential and current were evaluated by cyclic voltammetry at different scan rates. Figure 4 A represents the typical CVs of 3 mM NaNO2 in 0.1 M PBS (pH 4.5) at the PdNPs-poly(1, 5-DAN)/MWCNTs/GCE at the different scan rates from 10 mV/s to 200 mV/s. The oxidation peak currents increased linearly with the square root of the scan rate, and the calibration equation was y = 7.624 x + 28.77 (R 2 = 0.9906), which indicated that the involved electrochemical reaction was controlled by the diffusion step. The oxidation peak potential (Ep) was shifted to more positive values with the increase of scan rate, which confirmed the irreversible behavior for the oxidation process of nitrite. The peak potential was proportional to the logarithm of scan rate and the linear regression equation was indicated as y = 0.067 x + 0.709 (R 2 = 0.9925). According to Laviron's equation [25] , the electron transfer number (n) is calculated as the following equation:
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where a is the electron transfer coefficient, n is the number of electrons transferred, E 0' is the formal potential, ʋ is the scan rate. R, T and F have their conventional meanings. The n value was calculated to be 1. 
The effect of pH
The influence of pH on the electrochemical behavior of nitrite was very important, therefore, the electrochemical properties of nitrite at the PdNPs-poly(1, 5-DAN)/MWCNTs/GCE was studied at different pH values ranging from 3.0 to 7.0. The peak currents of nitrite increased by increasing pH from 3.0 to 4.5, but then decreased with pH ranging from 5.0 to 7.0. A high sensitivity of nitrite was observed in pH 4.5 than that of other pH. In strong acidic media (pH < 4), nitrite was not stable, which may undergo the following conversion of NO2 -to NO and NO3, as shown in Eq. (4): 2H + + 3NO2 -→ 2NO + NO3 -+ H2O [28] . When pH was above 5.0, the electrocatalytic oxidation of nitrite became more difficult due to shortage of protons [29] , and the catalytic peak currents were also decreased. Therefore, pH 4.5 was chosen as an optimum for the further studies.
Amperometric determination of nitrite
Under the optimum conditions, amperometry was employed to investigate the electrochemical response of nitrite at the proposed PdNPs-poly(1, 5-DAN)/MWCNTs/GCE. The electrochemical properties of PdNPs/poly(1, 5-DAN)/MWCNTs for nitrite detection were comparable to those of AuNPs/PRhB/CNTs/GCE reported by our groups [30] . Nevertheless, palladium is cheaper and easily obtained than gold. The PdNPs and poly(1, 5-DAN) composites can be codeposited onto the CNTs surface by a facile and one-step electrochemical polymerization, which provide a simple and environmental-friendly method for preparation of PdNPs/poly(1, 5-DAN)/CNTs/CGE. The LOD, sensitivity and linear response range of the reported sensor were superior to or comparable with other those of nitrite sensors previously reported, the results were summarized in Table 1 . The results also proved that the PdNPs-poly(1, 5-DAN)/MWCNTs composites modified electrode as prospective materials was deserved to promote for nitrite detection. 
Selectivity, stability and reproducibility
Selectivity is a very important factor for sensors, and the influence of common interfering ions along with nitrite has been examined by the amperometry test to evaluate the efficacy of the present sensor. Figure 6A shows the amperometric response of the PdNPs-poly (1, 5- at the PdNPs-poly(1, 5-DNA)/MWCNTs/GCE, and as-prepared electrode has a good selectivity for nitrite detection in the presence of a 50-fold excess of interferents. The operational stability was further evaluated at the PdNPs-poly(1, 5-DNA)/MWCNTs/GCE by amperometry and the results were shown in Figure 6B . The amperometric current response of nitrite was about 97% of its initial current response when continuously run up to 2000 s, indicating that the proposed composites electrode had a good operational stability for nitrite detection. The reproducibility of as-prepared composites electrode was examined for 15 successive determination of 25 µM nitrite at the same electrode, and the relative standard deviation (RSD) was 2.13%. Taking 10 different electrodes for 25 µM nitrite detection, and the RSD was 4.53%, The results clearly showed that the fabricated PdNPs-poly(1, 5-DNA)/MWCNTs/GCE had excellent selectivity, comparable stability and reproducibility for the electrochemical detection of nitrite. 
Determination of nitrite in real samples
To demonstrate the practical ability of the present composites modified electrode, the detection of nitrite in different water samples was performed by amperometry. After the water samples were filtered, and the known concentration of nitrite was spiked into the water samples. A standard additions method was adopted to calculate the recovery [35, 36] . The results of recoveries from different water samples were summarized in Table 2 . It can be clearly observed that the developed composites electrode had satisfactory recoveries in the range of 97% ~ 105% in water samples, which implied that the fabricated sensor was promoting to detect nitrite in real water. 
CONCLUSION
In summary, a relatively simple and novel electrochemical platform was developed by palladium nanopartilces and poly(1, 5-DAN) co-deposited onto MWCNTs modified glassy carbon electrode. The PdNPs-poly(1, 5-DAN)/MWCNTs electrode exhibited excellent electrocatalytic activity toward the oxidation of nitrite, which showed high electroactive area and fast electron transfer due to the high synergistic effect of PdNPs, conducting polymer and MWCNTs. It showed wide linear range from 0.25 µM to 0.1 mM with low detection limit of 0.08 µM for nitrite detection. The fabricated composite electrode also displayed many advantages, such as operational stability, good anti-interferences, and acceptable reproducibility, and it can be successfully applied in analysis of nitrite in real samples with satisfactory results. This study may provide new method and opportunity in the field of electrochemical sensing for nitrite detection in environment and food control.
